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A B S T R A C T

Purpose
Hippocampal neural stem-cell injury during whole-brain radiotherapy (WBRT) may play a role in
memory decline. Intensity-modulated radiotherapy can be used to avoid conformally the hip-
pocampal neural stem-cell compartment during WBRT (HA-WBRT). RTOG 0933 was a single-arm
phase II study of HA-WBRT for brain metastases with prespecified comparison with a historical
control of patients treated with WBRT without hippocampal avoidance.

Patients and Methods
Eligible adult patients with brain metastases received HA-WBRT to 30 Gy in 10 fractions.
Standardized cognitive function and quality-of-life (QOL) assessments were performed at baseline
and 2, 4, and 6 months. The primary end point was the Hopkins Verbal Learning Test–Revised
Delayed Recall (HVLT-R DR) at 4 months. The historical control demonstrated a 30% mean relative
decline in HVLT-R DR from baseline to 4 months. To detect a mean relative decline � 15% in
HVLT-R DR after HA-WBRT, 51 analyzable patients were required to ensure 80% statistical power
with � � 0.05.

Results
Of 113 patients accrued from March 2011 through November 2012, 42 patients were analyzable
at 4 months. Mean relative decline in HVLT-R DR from baseline to 4 months was 7.0% (95% CI,
�4.7% to 18.7%), significantly lower in comparison with the historical control (P � .001). No
decline in QOL scores was observed. Two grade 3 toxicities and no grade 4 to 5 toxicities were
reported. Median survival was 6.8 months.

Conclusion
Conformal avoidance of the hippocampus during WBRT is associated with preservation of
memory and QOL as compared with historical series.

J Clin Oncol 32:3810-3816. © 2014 by American Society of Clinical Oncology

INTRODUCTION

Formation of new memory has been associated with
a lifelong mitotically active and radiosensitive com-
partment of neural stem cells located in the sub-
granular zone of the hippocampal dentate gyrus.1

Injury to this neural stem-cell compartment has
been hypothesized to be central to the pathogenesis
of radiation-induced early cognitive decline.2 Pre-
clinical studies have demonstrated that relatively
modest doses of radiation cause an early and signif-
icant decline in neurogenesis in the subgranular
zone and that this loss in neurogenic capacity is

associated with suppression of new memory forma-
tion and impaired recall.3 In addition, recent clinical
studies have observed a dose-response relationship
between radiation dose received by the hippocam-
pus and risk of postradiotherapy decline in list-
learning delayed recall.4

Evidence-based guidelines developed by multi-
ple professional societies have established a role for
whole-brain radiotherapy (WBRT) in the setting of
multiple brain metastases.5,6 However, WBRT has
been associated with 4- and 6-month decline in re-
call and delayed recall, assessed using the Hopkins
Verbal Learning Test–Revised (HVLT-R),7 in
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addition to decline in patient-reported quality of life (QOL).8 Similar
decline in HVLT-R and QOL has also been observed after prophylac-
tic cranial irradiation for lung cancer.9,10 To prevent these adverse
early cognitive effects of therapeutic or prophylactic cranial irradia-
tion, modern intensity-modulated radiotherapy (IMRT) techniques
have been developed to avoid conformally the hippocampal neural
stem-cell niche during WBRT, often referred to as hippocampal-
avoidance WBRT (HA-WBRT).11,12 The principle of HA-WBRT
centers around preservation of the radiosensitive, memory-specific
neural stem compartment, rather than any anatomic and/or physio-
logic components of the hippocampus. HA-WBRT techniques have
demonstrated the ability to reduce mean dose to this neural stem-cell
compartment by at least 80%, while providing acceptable coverage
and dose homogeneity to the remaining whole-brain parenchyma.11

On the basis of these feasibility analyses, an international multi-
institution single-arm phase II trial of HA-WBRT for brain metastases
was conducted through the Radiation Therapy Oncology Group
(RTOG; RTOG 0933). HVLT-R delayed recall (HVLT-R DR) was the
primary end point, with a prespecified statistical comparison of
HVLT-R DR outcomes with a historical control of patients treated
with WBRT without hippocampal avoidance from a published phase
III trial (PCI-P-120-9801).13

PATIENTS AND METHODS

Study Design and Patients

Patients with brain metastases outside a 5-mm margin around either
hippocampus, pathologically proven diagnosis of nonhematopoetic ma-
lignancy other than small-cell lung cancer or germ cell malignancy, RTOG
recursive partitioning analysis class I or II, and English proficiency were
factors for inclusion. Patients age � 18 years and those with leptomenin-
geal metastases, radiographic evidence of hydrocephalus, prior radiation to
the brain, planned upfront radiosurgery or surgical resection, contraindi-
cation to magnetic resonance imaging (MRI), serum creatinine � 1.4
mg/dL � 30 days before study entry, or non–small-cell lung cancer–
associated brain metastases with � two organ sites of extracranial metas-
tases were excluded.

All eligibility criteria matched eligibility criteria for the historical control,
which comprised patients with brain metastases treated with standard WBRT
to 30 Gy in 10 fractions without hippocampal avoidance in the control arm of
the PCI-P-120-9801 phase III trial.13 Stable systemic disease was initially in-
cluded as an eligibility criterion but was subsequently removed with the first
protocol amendment (December 5, 2011), because it was not included in the
historical control trial.

Pretreatment assessments consisted of medical history and physical
examination, baseline cognitive assessment, and completion of baseline
QOL questionnaires (for patients opting to participate in QOL portion of
study). Before enrolling patients, all sites were required to meet specific
technologic requirements and provide baseline physics information for the
use of IMRT in this study. In addition, all treating physicians and sites were
required to successfully complete a dry-run quality assurance test involv-
ing fusion of MRI and radiotherapy-planning computed tomography
(CT), hippocampal contouring, and development of an IMRT plan for
HA-WBRT for a sample patient chosen from a test group of five patients
whose MRI and CT imaging were provided electronically. To train on the
techniques of hippocampal contouring and IMRT planning for HA-
WBRT, multiple didactic workshops were held by the principal investiga-
tors of the trial (V.G. and M.P.M.) during RTOG semiannual meetings,
and a contouring atlas for hippocampal delineation was made available
electronically on the RTOG Web site.14

All patients provided written informed consent. The study was approved
by the National Cancer Institute and by the institutional review boards of the
participating centers.

Procedures

For hippocampal contouring and HA-WBRT planning, all patients re-
quired a three-dimensional spoiled gradient echo, magnetization-prepared
rapid gradient echo, or turbo field echo axial MRI scan of the brain with axial
slice thickness � 1.5 mm, fused to a radiotherapy-planning head CT scan with
axial slice thickness � 2.5 mm. Bilateral hippocampal contours were manually
generated on the fused MRI-CT image set and expanded by 5 mm to generate
the hippocampal avoidance regions. The clinical target volume was defined as
the whole-brain parenchyma, and the planning target volume (PTV) was
defined as the clinical target volume excluding the hippocampal avoidance
regions. No set-up margin was included in the PTV. IMRT was delivered to a
dose of 30 Gy in 10 fractions to cover the PTV while avoiding the hippocam-
pus. This dose-fractionation scheme matched the treatment approach used for
the historical control.13

Central rapid review of hippocampal contours and HA-WBRT planning
was conducted in real time before initiation of treatment. Per protocol, dose to
100% of the hippocampus could not exceed 9 Gy, and maximal hippocampal
dose could not exceed 16 Gy; dose to 100% of the hippocampus exceeding 10
Gy and maximal hippocampal dose exceeding 17 Gy were considered unac-
ceptable deviations and required re-planning before treatment initiation.
Treating physicians who enrolled three consecutive patients without unac-
ceptable contouring or planning deviations were permitted to enroll addi-
tional patients without pretreatment central review. However, all of these
treatment plans were reviewed post-treatment.

End Points

Standardized cognitive assessments and health-related QOL were com-
pleted at baseline and at 2-, 4-, and 6-month follow-up. Cognitive assessments
included HVLT-R, which incorporates six different versions, helping to miti-
gate practice effects of repeated administrations. Each version includes 12
nouns (targets) with four words drawn from three semantic categories, which
differ across the six versions. The test involves memorizing a list of 12 targets
for three consecutive trials (total recall or HVLT-R TR), identifying the 12
targets from a list of semantically related or unrelated items (immediate rec-
ognition or HVLT-R IR), and recalling the 12 targets after a 20-minute delay
(delayed recall or HVLT-R DR). The timing of HVLT-R IR immediately after
HVLT-R TR, as opposed to after HVLT-R DR, represents a departure from
HVLT-R used in more contemporary studies, but it was in keeping with the
method of administration for the control cohort.13 This approach has been
used in prior phase III cooperative group studies.9,15

QOL questionnaires included the Functional Assessment of Cancer
Therapy–Brain subscale (FACT-BR) and the Barthel Index of Activities of
Daily Living (ADLs). The FACT-BR is a multidimensional, self-reported QOL
instrument specifically designed and validated for use in patients with brain
malignancies. It measures QOL related to symptoms or problems across five
scales: physical well being (seven items), social/family well being (seven items),
emotional well being (six items), functional well being (seven items), and
concerns relevant to patients with brain tumors (23 items). Scores on the
FACT-BR range from 0 to 92, with lower scores indicating worse QOL. The
Barthel Index of ADLs is a self-reported 10-item instrument designed to assess
a patient’s ability to carry out ADLs as reported by the patient or his or her
family or caregiver. The Barthel Index score ranges from 0 to 20, with lower
scores indicating worse functional status. Patients underwent MRI assess-
ments at 2, 4, and 6 months from the start of HA-WBRT and then quarterly
until death.

Statistical Analysis

Raw scores were derived from the cognitive assessments and QOL ques-
tionnaires. Each patient served as her or his own control, and the relative
decline in HVLT-R score from baseline to prespecified post-treatment inter-
vals was defined as follows: �HVLTi � (HVLTB � HVLTF) � HVLTB, where
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B � baseline and F � follow-up. A positive change indicated a decline
in function.

The primary end point was decline in HVLT-R DR score from baseline to
4 months after the start of HA-WBRT. Data from the WBRT-alone arm (n �
85) of the PCI-P-120-9801 phase III trial demonstrated 30% mean relative
decline in HVLT-R DR score from baseline to 4 months, with a standard
deviation of 41%. To detect a minimum relative 50% improvement in this end
point, leading to an absolute � 15% mean relative decline in HVLT-R DR after
HA-WBRT, 51 analyzable patients were required to ensure 80% statistical
power with �� 0.05. Assuming a death rate of 40% before 4 months (based on
PCI-P-120-9801 trial) and a 10% nonevaluable rate, the target sample size was
102 registered patients.

Comparison of HVLT-R DR results between this trial and the historical
control was tested using the one-sided Wilcoxon signed rank test with signif-
icance level of .05. Using a version of the reliable change index,16,17 significant
deterioration was defined as a drop from baseline of at least 5 points for
HVLT-R TR, 2 points for HVLT-R IR, and 3 points for HVLT-R DR.18 The
generalized linear mixed-effects model with significance level of .05 was used
to evaluate change in HVLT-R and QOL scores over time, as well as potential
univariable associations of age (� 60 v � 60 years), baseline neurologic
function status (no symptoms v at least minor symptoms), recursive partition-
ing analysis class (I v II), primary disease site (lung v other), maximum
hippocampal dose, and dose delivered to 100% (D100%) of the hippocampus
on the primary end point HVLT-R DR. These models assumed an unstruc-
tured covariance structure and a missing-at-random missing data mechanism
and used maximum-likelihood estimation of parameters. The Kaplan-Meier
estimator was used to determine median time to radiographic progression and
median time to death. Alive patients were censored at their last follow-up date.

RESULTS

From March 31, 2011, to November 7, 2012, a total of 113 patients
were accrued, 13 of whom were excluded from the analysis: seven
received no protocol treatment, and six were ineligible (five did not
meet eligibility criteria, and one did not complete baseline evaluation
form). Table 1 lists the characteristics of the 100 analyzable patients.

Two treatment-related grade 3 adverse events (fatigue and head-
ache) were reported, and no treatment-related grade 4 to 5 adverse
events were observed (Appendix Table A1, online only). Grade 1 to 2
treatment-related adverse events occurred in 42 patients, with fatigue
(25 events) and alopecia (22 events) being the most common.

Compliance with HVLT-R, FACT-BR, and ADL assessments
was � 70% among surviving patients at 2 and 4 months and � 50%
among surviving patients at 6 months for all assessments (Appendix
Table A2, online only). For the primary end point of HVLT-R DR
decline at 4 months, 42 patients were analyzable, 17 patients were alive
but not analyzable primarily because of noncompliance with HVLT-R
testing, and 41 patients had died.

Table 2 lists mean relative decline and probability of deterioration in
HVLT-R from baseline to each time point. Mean relative decline in
HVLT-R DR from baseline to 4 months was 7.0% (95% CI, �4.7% to
18.7%), which was significantly lower in comparison with the 30% mean
relativeHVLT-RDRdeclineobservedinthehistoricalcontrol(P� .001).
In addition, the probability of HVLT-R TR deterioration, assessed using
the reliable change index, was 19.0% at 4 months.

For the 50 patients who were alive at 6 months, including patients
with missing HVLT-R data, Figure 1 shows HVLT-R scores over time.
For the 46 patients who died by 6 months, Figure 2 shows HVLT-R
scores over time. No follow-up information was available for four
patients. On generalized linear mixed-effects modeling accounting for
missing data from patients who had died by 6 months, HVLT-R DR

significantly declined over time (P � .0083). HVLT-R TR (P � .180)
and HVLT-R IR (P � .499) remained relatively stable. Age � 60 years
(P� .001), presence of at least minor neurologic symptoms at baseline
(P � .0033), and higher hippocampal D100% (P � .0037) predicted
greater decline over time in HVLT-R DR.

Figure 3 shows FACT-BR and ADL scores at baseline and 2, 4,
and 6 months after HA-WBRT. FACT-BR emotional well being im-
proved over time (P � .042), whereas other FACT-BR and ADL scores
remained stable.

Mediansurvivalwas6.8months(95%CI,4.8to10.9months;Fig4);
62% of patients died as a result of their primary disease, whereas
7.3% of patients died as a result of their brain metastases. Median
progression-free survival was 5.9 months (95% CI, 4.7 to 8.4
months). Of the 67 patients who developed intracranial progres-
sion, three (4.5%) experienced progression in the hippocampal
avoidance area.

Table 1. Patient Demographic and Clinical Characteristics

Characteristic

HA-WBRT
(n � 100)

WBRT
Historical
Control

(n � 208)�

No. % No. %

Age, years
Median 61 58
Interquartile range 54-68 51-66
Range 28-83 NA

Race NA
American Indian or Alaskan Native 2 2.0
Asian 3 3.0
Black or African American 13 13.0
White 79 79.0
Mixed race 1 1.0
Unknown 2 2.0

Ethnic origin NA
Hispanic or Latino 4 4.0
Not Hispanic or Latino 94 94.0
Unknown 2 2.0

Karnofsky performance score
70 19 19.0 43 20.7
80 17 17.0 55 26.4
90 39 39.0 77 37.0
100 25 25.0 33 15.9

Primary tumor site
Lung 56 56.0 128 61.5
Breast 15 15.0 42 20.2
Other 29 29.0 38 18.3

RPA class
I 24 24.0 38 18.3
II 76 76.0 170 81.7

Neurologic function status NA
No symptoms 51 51.0
Minor symptoms 33 33.0
Moderate symptoms

Fully active 11 11.0
Less than fully active 5 5.0

Abbreviations: HA-WBRT, hippocampal-avoidance whole-brain radiother-
apy; NA, not available; RPA, recursive partitioning analysis; WBRT,
whole-brain radiotherapy.

�From Mehta et al.13
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DISCUSSION

Conformal avoidance of the hippocampal neural stem-cell compart-
ment during WBRT using IMRT for patients with brain metastases is
associated with significant memory preservation, as measured by pre-
vention of HVLT-R DR decline, compared with a prespecified histor-
ical control of patients with brain metastases treated with WBRT
without hippocampal avoidance.13 In addition, remaining HVLT-R
domains demonstrated preservation up to 6-month follow-up. As a
relative comparison, the MD Anderson Cancer Center phase III trial

of radiosurgery with or without WBRT for one to three brain metas-
tases used a reliable change index to assess HVLT-R TR deterioration
at 4 months as its primary end point.7 That study observed a 24% rate
of 4-month HVLT-R TR deterioration after radiosurgery alone and a
52% rate of 4-month HVLT-R TR deterioration after radiosurgery
with WBRT. In RTOG 0933, HA-WBRT was associated with a 19%
rate of HVLT-R TR deterioration at 4 months (as measured using
the same reliable change index), comparing favorably with the MD
Anderson series. Although prior studies have suggested a possible
relationship between hippocampal irradiation and subsequent
memory decline,4 this study provides the first direct clinical evi-
dence, to our knowledge, that the hippocampal neural stem-cell
niche is central to the pathophysiology of radiotherapy-induced
acute and subacute memory decline.

In addition to prevention of memory loss, HA-WBRT is associ-
ated with preservation of QOL, assessed using FACT-BR and Barthel
Index of ADLs. Li et al19 previously demonstrated a correlation be-
tween FACT-BR and ADL scores and HVLT-R outcomes, with de-
cline in HVLT-R, and especially HVLT-R DR, predicting subsequent
FACT-BR and ADL score decline. Thus, prevention of HVLT-R de-
cline may represent one potential mechanism for the QOL preserva-
tion observed after HA-WBRT.

The effect of older age on declining HVLT-R TR and HVLT-R
DR scores after HA-WBRT seems consistent with preclinical studies
showing an age-dependent inflammatory response of the hippocam-
pal dentate gyrus to WBRT.20 This finding suggests that patients age �
60 years may be a high-risk group of patients for whom neuroprotec-
tive interventions beyond HA-WBRT may be required. In addition,
higher hippocampal D100% predicted for greater HVLT-R DR de-
cline, suggesting that further lowering the dose to the entire hip-
pocampal neural stem-cell compartment may affect list-learning
recall outcomes. Evaluation of this potential dose-response relation-
ship in terms of other dosimetric metrics (eg, dose to 40% of hip-
pocampus4) and by subsegmentation of the hippocampal dentate
gyrus, as well as radiographic and clinical evaluation of long-term
survivors, is currently under investigation.

Table 2. Decline in HVLT-R After HA-WBRT

Time from
Baseline (months)

No. of
Patients

Mean Relative
Decline From
Baseline (%)� 95% CI (%)�

Probability of
Deterioration

(%)†

Total recall
2 52 13.1 19.5 to 6.7 30.8
4 42 3.6 10.1 to �2.9 19.0
6 29 3.0 5.9 to �12.0 13.8

Immediate
recognition

2 53 10.7 18.3 to 3.1 35.8
4 42 1.6 6.0 to �2.8 11.9
6 28 0.7 4.4 to �3.1 3.6

Delayed recall
2 53 14.2 24.5 to 3.9 30.2
4 42 7.0‡ 18.7 to �4.7 33.3
6 29 2.0 13.1 to �9.2 17.2

Abbreviations: HA-WBRT, hippocampal-avoidance whole-brain radiotherapy;
HVLT-R, Hopkins Verbal Learning Test–Revised.

�Relative decline in HVLT-R score from baseline to prespecified post-
treatment intervals was calculated as follows: �HVLTi � (HVLTB � HVLTF) �
HVLTB, where B � baseline and F � follow-up. Positive change indicates
decline in function.
†Deterioration in HVLT-R from baseline to prespecified post-treatment inter-

vals was assessed using a version of the reliable change index14,15 and
defined as drop from baseline � 5 points for total recall, � 2 points for
immediate recognition, and � 3 points for delayed recall.16

‡Significant in comparison to the historical control (P � .0003).
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Conformal avoidance of the hippocampus poses the risk of at-
tenuating the benefit of WBRT because of the emergence of new brain
metastases within the hippocampal avoidance region. Prior estimates
have approximated this risk at 8.6% (95% CI, 5.7% to 11.5%).21

However, these prior estimates were based on calculating the occur-
rence of brain metastases in the hippocampal avoidance region in
patients presenting with brain metastases, which seems to have re-
sulted in overestimation of the actual risk, because only three patients
(4.5%) experienced progression in the hippocampal avoidance area in
this phase II HA-WBRT study. Given the absence of any treatment-
related grade 4 to 5 adverse events and only two treatment-related
grade 3 events, the summation of these data suggests that HA-WBRT
can be safely delivered to patients with brain metastases.

These promising results warrant further validation within the
phase III setting, in part because of the expected limitations of such
a single-arm phase II study. For instance, the median survival
estimate (6.8 months) of this study exceeded the median survival
estimates of the prespecified historical WBRT control (4.9

months)13 and the radiosurgery-plus-WBRT arm of the MD An-
derson series (5.7 months)7 in a nonsignificant manner. As shown in
Figure 2, significant HVLT-R decline could be seen at 2 and 4 months
in patients who did not survive beyond 6 months. Thus, improved
survivorship may in part play a role in the promising HVLT-R and
QOL results of this phase II study. An additional limitation is the
inability to statistically compare QOL results from RTOG 0933 with
QOL results from the prespecified historical control, because these
results have not been previously reported and were not accessible to
the study team. A third limitation is HVLT-R data compliance, which
was improved over prior cooperative group studies9,22 but lower than
the prespecified historical control.13 This is primarily because the
industry-sponsored historical control trial supported a team of dedi-
cated clinical research specialists who proactively pursued and en-
couraged compliance. However, despite this limitation, the number of
patients analyzable for the primary end point, although lower than
statistically required, was sufficient to detect a benefit relative to the
prespecified historical control, potentially because the effect size was
larger than expected. Finally, the capacity of hippocampal avoidance
to prevent longer-term (ie, beyond 6 months) effects of WBRT, such
as white matter imaging changes23 and/or cognitive effects, could not
be assessed given the limited sample size and high patient death rate in
this phase II study. However, such an analysis is anticipated in planned
phase III studies of hippocampal avoidance.

Building on results of RTOG 0614,22 NRG CC001 is a National
Cancer Institute–approved phase III trial that will evaluate the potential
combined neuroprotective effects of hippocampal avoidance in addition
to prophylactic memantine during WBRT for brain metastases. NRG
CC1432isaNationalCancer Institute–approvedrandomizedphaseII/III
trialofhippocampalavoidanceduringprophylacticcranial irradiationfor
small-cell lung cancer. Given the increased cost of hippocampal avoid-
ance, these studies will also perform a comparative-effectiveness analysis
by including EQ5D as a secondary patient-reported outcome. These ran-
domized trials of hippocampal avoidance will build on the robust quality
assurance infrastructure established for RTOG 0933. This infra-
structure included pre-enrollment credentialing of sites and treat-
ing physicians on the published HA-WBRT techniques and central
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review of all treatment plans, with most plans undergoing real-
time pretreatment rapid review.
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GLOSSARY TERMS

intensity-modulated radiation therapy: radiation
treatment using beams with nonuniform fluence profiles that
shape the dose distribution in the target volume and adjacent
normal structures. Beam modulation is typically achieved via
multileaf collimators or custom-milled compensators to achieve
the appropriate fluence profiles calculated by inverse optimiza-
tion algorithms. The radiation beam is divided into beamlets of
varying intensity such that the sum from multiple beams via in-
verse planning results in improved tumor targeting and normal
tissue sparing. A technique of radiation therapy delivery in which
the intensity of each beamlet of radiation coming from a specific
angle can be adjusted to provide a desired dose distribution when
the doses delivered from all beamlets are added from a single
angle and from all dose delivery angles. An advanced type of
high-precision radiotherapy, which aims to improve the coverage
of the radiotherapy target and/or minimize radiation dose to sur-
rounding normal tissue.
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Appendix

Table A1. Treatment-Related AEs

AE

Grade (No. of patients)

1 2 3 4 5

Ear and labyrinth disorders 5 2 0 0 0
Other 0 2 0 0 0
Ear pain 1 0 0 0 0
External ear inflammation 1 0 0 0 0
Hearing impairment 2 0 0 0 0
Tinnitus 2 0 0 0 0
Vertigo 0 1 0 0 0

Eye disorders 2 0 0 0 0
Blurred vision 1 0 0 0 0
Other 1 0 0 0 0

GI disorders 7 5 0 0 0
Constipation 1 0 0 0 0
Diarrhea 2 0 0 0 0
Dry mouth 1 0 0 0 0
Esophagitis 1 0 0 0 0
Mucositis oral 1 0 0 0 0
Nausea 4 5 0 0 0
Vomiting 1 3 0 0 0

General disorders and administrative site conditions 16 11 1 0 0
Edema face 1 0 0 0 0
Fatigue 14 11 1 0 0
Gait disturbance 4 0 0 0 0

Injury, poisoning, and procedural complications 1 0 0 0 0
Radiation dermatitis 1 0 0 0 0

Investigations 1 1 0 0 0
Weight loss 1 1 0 0 0

Metabolism and nutrition disorders 3 5 0 0 0
Anorexia 3 4 0 0 0
Dehydration 0 1 0 0 0

Musculoskeletal and connective tissue disorders 0 2 0 0 0
Chest wall pain 0 1 0 0 0
Generalized muscle weakness 0 1 0 0 0

Nervous system disorders 21 6 1 0 0
Concentration impairment 2 0 0 0 0
Dizziness 3 1 0 0 0
Dysgeusia 5 1 0 0 0
Dysphasia 1 0 0 0 0
Headache 9 1 1 0 0
Memory impairment 10 1 0 0 0
Other 0 1 0 0 0
Paresthesia 2 0 0 0 0
Peripheral motor neuropathy 1 0 0 0 0
Peripheral sensory neuropathy 1 0 0 0 0
Seizure 2 1 0 0 0
Somnolence 0 2 0 0 0
Tremor 1 0 0 0 0

Psychiatric disorders 1 0 0 0 0
Insomnia 1 0 0 0 0

Respiratory, thoracic, and mediastinal disorders 1 1 0 0 0
Dyspnea 0 1 0 0 0
Sore throat 1 0 0 0 0

Skin and subcutaneous tissue disorders 12 10 0 0 0
Alopecia 12 10 0 0 0
Dry skin 1 0 0 0 0
Pruritus 1 0 0 0 0
Skin hyperpigmentation 1 0 0 0 0

Vascular disorders 1 0 0 0 0
Hypotension 1 0 0 0 0

NOTE. Includes AEs where relationship to protocol treatment is missing. AEs graded using Common Terminology Criteria for Adverse Events (version 4).
Abbreviation: AE, adverse event.
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Table A2. Compliance With Neurocognitive and QOL Assessments at 2, 4, and 6 Months From Baseline

Status

HVLT-R (n � 100; %) FACT-BR (n � 87; %) ADLs (n � 87; %)

2 4 6 2 4 6 2 4 6

Dead 24 41 46 23 41 47 23 41 47
Alive 76 59 54 77 59 53 77 59 53

Completed 70 71 54 71 73 55 73 75 52
Consent withdrawal 5 9 11 5 6 9 4 6 9
Not tested 4 8 18 3 6 19 2 7 17
Not received 21 12 17 21 15 17 21 12 22

Abbreviations: ADL, activity of daily living; FACT-BR, Functional Assessment of Cancer Therapy–Brain subscale; HVLT-R, Hopkins Verbal Learning Test–Revised;
QOL, quality of life.
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